Aim-To evaluate the accuracy of the approximate linear formula of International Normalised Ratio (INR) imprecision by formal mathematical analysis. Methods-Using probability theory, an exact formula for the coefficient of variation (CV) of the INR was derived. The CV from the approximate formula was compared with the CV from the exact formula for INR determinations between 1-0 and 10-0 with International Sensitivity Indices (ISIs) between 1-0 and 3-0 and prothrombin time ratio CVs between 1'0 and 100O%. Results-When the ISI equals 1-0, the approximate formula and the exact formula are equal. When the ISI is more than 1*0, the approximate formula overestimates the exact CV, but by less than one hundredth of the exact CV in the parameter ranges studied. The approximate formula is most accurate when laboratories achieve excellent prothrombin time measurement precision and use sensitive thromboplastins. Conclusions-The approximate formula provides a simple means for estimating the imprecision of the INR and is sufficiently accurate to warrant its use in clinical laboratories.
where R is the PTR and the other variables are as described before. equal. When the ISI is more than 10, the (5) approximate formula overestimates the exact CV, but by less than 1-0% of the exact CV in the parameter ranges studied.
a, = J(I) )2 f,(,)di. (6) The exact formula for the CV of the INR is:
cv, = 'fI.I100%.
COMPARISON OF EXACT AND APPROXIMATE FORMULAS
The CV of the INR was calculated using the exact formula and the approximate formula for a spectrum of PTRs, PTR CVs, and ISIs. (3), for calculating the CV of the INR, using the linear terms of the Taylor series expansion of equation (2) (see Appendix).5 This approximate formula was stated to be valid when the ISI is between 1-0 and 2-6 and the PTR CV is between 5% and 15%, and data were presented to illustrate the empirical validity of the formula. We recently validated a mathematical characterisation of the imprecision of the INR based on probability theory,6 from which we derived an exact formula for calculating the CV of the INR. In this study we have used our exact formula to ascertain, from a theoretical mathematical standpoint, the accuracy of the approximate formula of Tabemer et al. If shown to be sufficiently accurate, the simplicity of the approximate formula provides any laboratory with an effortless method for estimating the precision of the INR based on its analytical technique and PT data. Prothrombin time measurements have been shown to be Gaussian distributed.6 Starting with these observations, the exact formula permits complete examination and a full explanation of the behavior of the INR transformation on a Gaussian distributed variable.
We compared the CVs calculated by the approximate formula with the exact CVs when the ISI was between 1 0 and 3-0 and the CV of the PTR was between 1-0% and 10-0%. These ranges for the ISI and PTR CV reaching a maximum difference of less than 1 0 % of the exact CV at the upper limits of ranges of the ISI and the PTR CV. When the ISI equals 10, the approximate formula and the exact formula produce identical CVs. These results lend theoretical validity to the approximate formula of Taberner et al and extend their work to a lower range of the PTR CV.
The practical valve of the close agreement of the approximate formula with the exact formula is illustrated in fig 1. Although the difference between the approximate and exact INR CVs increases with increasing INR, the magnitude of the difference is trivial. The differences between the approximate and exact CVs are a result of differences in the approximate and exact distributions of the INR. The approximate formula implicitly assumes that the imprecision in the PTR measurements is distributed Gaussian and that the imprecision in the INR is also Gaussian. The exact formula shows that if the PTR is Gaussian, the INR is non-Gaussian if the ISI is more than 10, and is Gaussian if the ISI equals 1-0.6 Thus the moments such as mean and SD of the exact INR distribution do not equal those of the approximate Gaussian distribution unless the ISI equals 1 0, as illustrated in table 2. Within the parameter ranges of this study, the means, SDs, and distributions of the exact and approximate distributions are not identical but are remarkably similar (figs 2 and 3) .
The striking similarities are a direct result of the mathematics of the INR. The exponential transformation is a smooth, well behaved function whose infinite Taylor series expansion is well approximated by the first two terms of the expansion (see Appendix). The exact formula shows that the Gaussian approximation of Taberner 
